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Brief history of the high-lev
US interest in the topic

EOP-010-1 — Geomagnetic Disturbance Operations

A. Introductio
1 Tide: ‘l
2 Numb
= 3. Purpn
implen
4 Applic
4L F
F 4
4
2012 Special Reliab| s ol NA'

nterim Report: SENCY: Federal a
Effects of ACTION: Fia Ry ot NATIO
Disturban Qi o -

Regulatory Commis ooliagy Geomagns
o Power Sy |-
High-Impact, it o Comc " N e .

Event Risk to ~ February 2012 impactof geomagns Pl e

, Sy, The o
~ Bulk Power S 4 =g Nat stk oS, 141
SE! fist stage, NERC m fied
Planni.
iKiD R — P | «
System to develop a u Fr— IN THE HOUSE OF REPRESENTATIVES
consistent with the 1 ntansity
JrevE—— s
i 12 . o ity i 1 Sy, s o
more Reliabiliy Sta albenchn comsdertion of uch prvisions s al ithin the faacctio, o he co.
1o conduc i n

AN ACT

Draft 3 Octaber 25 To improve understanding and forecasting of space weather
events, and for other purposes,

NERC

— 2 1 Beit enacted by the Senate and Houss of Representa-

2 tives of the United States of America in Congress assembled,

June 2010

. nerc.com | waw doe.gov

THE NATIONAL ACADEMES PRESS
Washingion, D.C.




Space Weather Bootcamp 2018 G Kok

LS

Why do we care?

GIC-driven half-cycle saturation of
power transformers can cause:
» Leakage magnetic fields.
—> Transformer heating
» Harmonic currents.
- Relay tripping

» Increased reactive power
consumption.

-> Voltage instability

Hydro-Québec March 1989
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Physics of GIC

Many large solar eruptions are associated with coronal mass
gfjections (CMESs) releasing 10'2-10"3 kg of solar corona material at
speeds of 200-3000 km/s. CMEs drive the most significant
geomagnetic activity and GIC.

STEREO B 304 Angstrom
EUV and white light
coronagraph March 12,
2012
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Physics of GIC

Interplanetary
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Russell (IEEE Trans. on Plasma Science, 2000)

Which powers electric
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that generate the ground
magnetic field variations
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Physics of GIC
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The GIC systems science
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Extreme GIC

 Current focus of the GIC work is to understand
the Carrington storm-like extreme events.

» Extreme events are driving the Federal Energy
Regulatory Commission and National Space
Weather Action Plan proceedings.
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Extreme GIC

While the impact is highly system dependent, | use
the following rule of thumb: “0.1 V/km - nobody

IMAGE magnetometer cares, 1 V/km - hey pay attention, 10 V/km - lights

: e sout.”
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Pulkkinen et al. (2015) “The magic” 8 V/km
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Extreme GIC ..o e
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NASA GSFC Geomagnetically
Induced Currents (GIC) Activities

Ff\-‘

GIC that %éict gfrveltageﬁ A f Extreme event analyses

power transmission sysitems are-< \/i/ Our extreme GIC event analyses
~ have provided scientific guidance
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analyses... .~ J
\N /\ development work.

ObservatlonS\ i ;:,«i% »
We are ip,the proce;
establisHifig: & Aetwe
observation sites across the uUsS.
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collaboration with the US power
transmission industry.
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Forecasting

We have developed state-of-the- | pen Low [}2:,51 ‘ 1\
art GIC forecasting system called 0010t a0 [ka]10° 10 10
“Solar Shield.” Solar Shield was

developed further in collaboration

with the Department of Homeland

Security.
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NASA's Living With a Star:
Geomagnetically Induced
Currents

Key Points:

+ We provide a broad overview of the
status of the GIC field

+ We utilize the Applications Readiness
Levels (ARL) concept to quantify the
maturity of our GIC-related modeling
and applications

 This paper is the high-level report of
the NASA Living With a Star GIC
Working Group findings
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Abstract This paper is the primary deliverable of the very first NASA Living With a Star Institute Working
Group, Geomagnetically Induced Currents (GIC) Working Group. The paper provides a broad overview of the
current status and future to the science, engineering, and I of the GIC
problem. Science is understood here as the basic space and Earth sciences research that allows improved
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and physics-based modeling of the physical processes behind GIC. Engineering, in turn, is
understood here as the “impact” aspect of GIC. Applications are understood as the models, tools, and
activities that can provide actionable information to entities such as power systems operators for mitigating
the effects of GIC and agencies for ing any potential from GIC impact to
critical infrastructure. Applications can be considered the ultimate goal of our GIC work. In assessing the
status of the field, we quantify the readiness of various applications in the mitigation context. We use the
Applications Readiness Level (ARL) concept to carry out the quantification.

1. Introduction

(GMD) cause ically induced currents (GIC) to flow in long engineered
conductor systems such as power grids, pipelines, and railway systems. GIC have become one of the main
space weather concerns, and the potential for widespread problems in operating high-voltage power
transmission systems during major ic storms has i ing i i policy,
science, industry, and public interest in the problem. In the US,, the latest high-level attention on GIC
and power grids is centered around regulatory action initiated by the Federal Energy Regulatory
Commission and GIC-related elements of the National Space Weather Strategy and National Space
Weather Action Plan [United States of America Federal Energy Regulatory Commission, 2013; National
Science and Technology Council, 2015a; National Science and Technology Council, 2015b]. In the UK, GIC
are part of the space weather element in the National Risk Registry [Cabinet Office, 2015]. In addition,
the power transmission industry is quickly elevating awareness to address the GIC issue, acknowledging
that the problem pertains to middle and low latitudes as well as high latitudes [e.g., Gaunt and Coetzee,
2007; Liu et al., 2009; Torta et al., 2012; Carter et al., 2015]. Consequently, power system operators in
nations such as the US, UK, Canada, Finland, Norway, Sweden, China, Japan, Brazil, Namibia, South
Africa, and Australia have launched GIC measurement and hazards igns to
and mitigate the possible GIC impact on their systems. The field of GIC has evolved over the past several
years from a somewhat separate field of space science research into a full systems science addressing not
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Pulkkinen et al.
(Space Weather,
2017)
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Conclusions

» GIC offers many science, engineering and
applications challenges.

* Applied science challenges can boost basic
research work.

* There are many urgent open science questions
pertaining to GIC = many interesting
challenges for YOU!
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